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EXPLANATORY NOTE 
This thesis is prepared in 2 parts. The 1st part which consists of 
the Abstract, Introduction, Materials and Methods, Acknowledgments, and 
References, is a manuscript which will be submitted for publication. 
The 2nd part of the thesis (Appendix) will not be published, and con¬ 
tains a complete Literature Review, Additional Materials and Methods, 
Additional Results and Discussion, Additional References, and sections 
which are pertinent to the entire thesis. 
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SUMMARY 
Phenylthiourea (PTU) treated and untreated Aedes aegypti larvae 
were exposed to concentrations of 1000-4000 Neoaplectana carpocapsae 
juveniles per ml for 1 hr. During the first 9 hr after exposure, the 
PTU treated larvae had a significantly lower mortality than the un¬ 
treated larvae. The rate of encapsulation or melanization of N. 
carpocapsae juveniles within the hemocoeles of the mosquito larvae was 
investigated by gross dissections and histological techniques. The 
amount of melanization occurring in the PTU treated larvae was found to 
be significantly reduced. Possible explanations were given for the 
observed differences in mortality. One possibility was that PTU may 
inactivate the phenoloxidase system in mosquito larvae, thereby inhib¬ 
iting the formation of toxic melanin intermediates. Another possibil¬ 
ity is that PTU may inactivate a toxin emitted by the nematode or in 
some way have an effect on the bacterium, Achromobacter nematophilus. 
vi 
1. 
INTRODUCTION 
Many insect species have been found to form melanic capsules 
around invading nematodes (Poinar, 1969). This defense reaction oc¬ 
curs in Aedes aegypti larvae when infective stage Neoaplectana carpo- 
capsae (DD-I36 strain) enter the insect’s hemocoel (Bronskill, 1962; 
Welch and Bronskill, 1962), Encapsulation begins almost immediately 
after the nematode penetrates the mosquito's midgut wall, and is usu¬ 
ally complete 4 to 5 hr later "(Bronskill, 1962). 
The phenoloxidase inhibitor, phenylthiourea (PTU), has been used 
to inhibit melanin formation in insect capsules (Salt, 1956; Nappi, 
1975)• The chemical is often injected into the insect (Salt, 1956; 
Brewer and Vinson, 1971; Nappi, 1973)1 but, Nappi (1973) was able to 
inhibit the formation of melanic capsules in Drosophila by adding PTU 
to the rearing medium. 
Welch and Bronskill (1962) reported that 4th instar A. aegypti 
larvae died 25 to 30 hr after exposure to N. carpocapsae. They also 
reported that death occurred as a result of septicemia due to a patho¬ 
genic bacterium carried by the nematode. The bacterium was isolated 
by Poinar and Thomas (l965)1 and given the name Achromobacter 
nematophilus. 
Preliminary experiments indicated that when the nematode concen¬ 
tration was between 1000 and 10,000 nematodes per mi the majority of 
A. aegypti larvae died within 6 hr after exposure to the nematodes. 
This early mortality was greatly reduced if the larvae were reared in 
the presence of PTU prior to exposure to N. carpocapsae. The main ob- 
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jectives of the present study were to investigate the effects of PTU on 
the encapsulation of Jtt. carpocapsae in 4th instar A. aegypti larvae, 
and to assess the possible importance of melanization as the cause of 
early mortality. 
3. 
MATERIALS AND METHODS 
Experimental Animals 
An Aedes aegypti colony was initiated for experimental purposes 
using eggs obtained from Dr. T. M. Peters (University of Massachusetts, 
Department of Entomology), which were part of a culture originally ob- 
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tained from Rutgers University. The larvae used in all experiments 
were vacuum hatched at 25 p.s.i. for 30 min, and reared according to 
the standard rearing technique of Peters et_ al. (1969)- Larvae were 
reared at a temperature of approximately 80°F., and a photoperiod of 
16 hr. Fourth instar larvae were obtained on the 4th day, with pupa¬ 
tion occurring on the 6th day. 
Neoaplectana carpocapsae nematodes were obtained from Dr. D. P. 
Harlan, Bicenvironmental Insect Control Laboratory, Stoneville, Mis¬ 
sissippi, and were propagated in Galleria mellonella larvae by the 
technique of Dutky et al. (1964). Infective stage juveniles were used 
in all experiments. 
Experimental Techniques 
Experiments were conducted to determine the effects of phenyl- 
thiourea (PTU) on A. aegypti larvae. The first set of experiments con¬ 
sisted of rearing mosquito larvae in various concentrations of PTU from 
the time of hatch, until the 5th day. Surviving larvae were then 
counted and the dry weights were recorded. Rearing mosquito larvae in 
PTU solutions in this manner resulted in decreased survival and stunted 
growth, even at 0.01^ PTU. 
Another set of experiments was conducted in which larvae were 
4. 
reared until the 4th instar without PTU. On the 4th day, the larvae 
were placed in the various concentrations of PTU. On the 5th day, the 
surviving larvae were prepared and examined as described above. The 
results of these experiments indicated that after 24 hr of exposure to 
0.01# PTU, mosquito larvae showed no differences from the control lar¬ 
vae in mortality and weight per larva. This method of rearing, and 
concentration of PTU was used in all subsequent experiments where PTU 
treated mosquito larvae were used. 
The oxygen consumption of 5-day-old, PTU treated mosquito larvae, 
was compared with that of untreated larvae. Oxygen consumption was 
measured using the Gilson differential respirometer by the technique 
of Barbosa (1971)« Hie oxygen consumption of PTU treated larvae was 
always found to be lower than the untreated larvae, which was taken as 
evidence that the PTU was actually entering mosquito larvae. 
The effectiveness of a 0.01# PTU solution as a melanin inhibitor 
in tissues of A. aegypti larvae was determined histochemically by the 
method of Rodriquez and McGavran (1969)* Five-day-old mosquito larvae 
were cut into 4 sections consisting of the thorax, abdominal segments 
1-3, abdominal segments 4-6, and the anal segment. The sections were 
cut in cold 4# paraformaldehyde fixative in 0.1M cacodylate buffer 
(pH 7.4). These sections were incubated for 10 hr in 0.1# DOPA, 
either with, or without 0.01# PTU present. The tissues were embedded 
in paraffin, sectioned at 8^, counterstained with nuclear fast red, 
and examined microscopically for the presence of melanin. 
Inoculation of mosquito larvae with nematodes was conducted the 
same way in all experiments. Nematodes were examined to insure that 
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at least 75% of them were moving, and then placed in the Trager’s 
salt solution used for rearing mosquitoes. Next, the nematode concen¬ 
tration was determined by the method of Dutky _et_ al. (1964). Prelim¬ 
inary experiments showed that nematode concentrations of 1000 to 
10,000 nematodes per ml produced 50 to 70% mortality of mosquito larvae 
within the first 6 hr after exposure. The approximate concentrations 
of nematodes used were 4000, 2000, and 1000 per ml, unless otherwise 
stated. The nematodes were placed in 0.01% P'TU solution if they were 
to be used in conjunction with PTU treated mosquito larvae. Controls 
without nematodes were also used in all experiments. Ten ml of the 
nematode suspensions were placed in sterile, 60 X 15 mm, plastic petri 
dishes. 
Mosquito larvae were deprived of food for 5 hr prior to initiation 
of the experiments to insure rapid ingestion of the nematodes. Twenty- 
five larvae were then placed in each plastic petri dish. The larvae 
were exposed to nematodes for 1 hr, rinsed in distilled water, and re¬ 
turned to the plastic petri dishes with 10 ml of either Trager’s salt 
solution, or 0.01% PTU in Trager’s salt solution, depending upon the 
treatment they were in. The dishes were examined for mortality of 
mosquito larvae at 3 hr intervals for 9 hr. In all experiments, mor¬ 
tality represented not only the number of dead mosquito larvae, but 
also the number of moribund larvae. Moribund larvae were incapable of 
swimming and responding consistently when touched with forceps. 
Moribund larvae were capable of flexion movements; their mouthparts 
were usually moving, and their heart was still beating. It was assumed 
that these larvae would be dead within a short time 
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All dead and moribund mosquito larvae were removed from their re¬ 
spective dishes every 3 hr and dissected. The number of nematodes 
within their hemocoels were counted and recorded. After 9 hr, the same 
procedure was performed on all surviving mosquito larvae. All nema¬ 
todes dissected from the hemocoels were classified into 3 groups: 
1. Non-encapsulated nematodes which showed no signs of melanin 
or encapsulation. 
2. Partly encapsulated nematodes which had some melanin around 
them but were still visible through the capsule and were 
still capable of active serpentine movement, 
3. Completely encapsulated nematodes, which were completely 
enveloped by a uniformly black melanin capsule. These nema¬ 
todes were incapable of active movement, although some could 
still move sluggishly. 
Experiments were conducted to determine the distribution of nema¬ 
todes within PTU treated and untreated mosquito larvae. These exper¬ 
iments were similar to the previous experiments, however, the number of 
nematodes within each mosquito's head, thorax and abdomen were recorded. 
The nematode suspensions used in these experiments contained 3000 nema¬ 
todes per ml. 
Histological sections were prepared to determine the effects of 
PTU on encapsulation of nematodes by mosquito larvae. Five living and 
5 dead mosquito larvae from both PTU and control treatments were placed 
in Carnoy's fixative every hour for 3 hr after exposure to nematodes. 
The mosquito larvae were embedded in paraffin, sectioned at 
and stained with Delafield's hematoxylin with eosin Y counterstain. 
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RESULTS 
Histochemical tests indicated that 0.01# PTU was capable of inhi¬ 
biting melanin formation in vitro in various tissues of Aedes aegypti 
larvae. Untreated tissues showed darkened cuticles, tracheae, and 
areas of the fat body, when incubated in DOPA for 10 hr. When 0.01% 
PTU was present, only a slight degree of darkening of the cuticle was 
evident. It should be pointed out that in phenoloxidase positive 
hemocytes of A. aegypti1 s anal papillae, melanin formation was not in¬ 
hibited by 0.01% PTU, but was inhibited by 0.1% PTU (Andreadis, 197*0. 
The mortality of PTU treated and untreated 4th instar A_. aegypti 
larvae, which were exposed to various concentrations of N_. carnocap- 
sae infective stage juveniles, is shown in Table 1. PTU treated mos¬ 
quito larvae had a much lower per cent mortality than untreated lar¬ 
vae. This difference was found to be highly significant (P^O.Ol). 
These data indicate that 0.01% PTU may in some way protect mosquito 
larvae from the initial effects of _N. carpocapsae parasitism. 
The number of nematodes dissected from the hemocoels of mosquito 
larvae in these experiments is shown in Table 2. The data indicate 
that differences in mortality between PTU treated and untreated larvae 
are not due to differences in the numbers of nematodes parasitizing 
the larvae. PTU treated larvae had a significantly higher (£^0.01) 
number of nematodes per larva than untreated larvae. 
It can be seen that the number of nematodes in living larvae is 
usually lower than the number in dead larvae (Table 2). However, in 
some groups of live mosquito larvae, there were more nematodes per 
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larva than in some groups of dead mosquito larvae. Thus, mortality 
does not appear to be solely a function of the number of nematodes par¬ 
asitizing mosquito larvae. 
The results of categorizing the nematodes dissected from the 
hemocoels of mosquito larvae, are summarized in Table 3« The per cent 
encapsulation represents the percentage of nematodes which were either 
partly or completely encapsulated. These data show a highly signifi¬ 
cant difference (P^O.Ol) between PTU treated and untreated mosquito lar¬ 
vae in the per cent encapsulation of the nematodes. Untreated larvae 
initiated encapsulation on most nematodes entering their hemocoels 
within the first 3 hr period, and all nematodes found in the hemocoels 
after 3 hr were at least partly encapsulated. By 9 hr nearly all 
nematodes in the hemocoels of both dead and living untreated larvae 
were completely encapsulated. In PTU treated larvae, most nematodes 
were not even partially encapsulated within the first 3 hr, and no 
nematodes were found to be completely encapsulated during this time 
period. By 6 hr most nematodes were partially encapsulated, and after 
9 hr nearly all nematodes found within living and dead PTU treated 
mosquito larvae were completely encapsulated. 
These results indicate that 0.01$ PTU does not completely in¬ 
hibit the encapsulation (or melanization) process in A. aegypti 
larvae. However, there is about a 3 hr delay in the encapsulation of 
nematodes by PTU treated larvae. The encapsulation values obtained for 
the 6 and 9 hr groups of PTU treated larvae correspond rather closely 
with the values obtained for the 3 and 6 hr groups of untreated larvae. 
Therefore, it appears that in PTU treated larvae, after an initial 
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delay, encapsulation proceeds at a comparable pace to that found in un¬ 
treated larvae. 
Bronskill (1962) described encapsulation of N. carpocapsae in A. 
aegypti larvae as a two step process. First, a thin melanized sheath 
was formed around the nematode, and then melanin particles were added. 
A two step encapsulation process was also described in Culex pipiens 
larvae by Poinar and Leutenegger (1971)• They found that a homoge¬ 
neous matrix was first deposited around N_. carpocapsae juveniles, and 
this matrix later melanized. 
Since in the present study, PTU caused a delay in encapsulation, 
it was thought that a histological investigation might show if this 
delay occurred after the 1st step in encapsulation had been initiated. 
The histological study showed that encapsulation in PTU treated larvae 
progressed in the same way as in untreated larvae, Cut was somewhat 
delayed in initiation. Within a treatment (PTU and untreated larvae), 
the capsules were similar in appearance in both the living and the dead 
larvae• 
The experiment conducted to determine the relative migration of 
nematodes in both PTU treated and untreated mosquito larvae showed 
little difference between the treatments. There were only slightly 
fewer nematodes per larva in the heads of living larvae (0.6l vs O.56). 
Thus, it appears that the actual migration of nematodes within para¬ 
sitized mosquito larvae is probably not a determining factor in mor¬ 
tality during the first 9 hr. It also appears that 0.01% PTU has no 
noticeable effect on the N. carpocapsae juveniles and their ability to 
parasitize and migrate through A. aegypti larvae. 
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DISCUSSION 
There may be many factors causing the early death of Aedes aegypti 
larvae parasitized by Neoaplectana carpocapsae, and many possibilities 
as to why PTU alters the phenomenon. Some of the possibilities have 
been investigated while others remain as speculation only. 
There is a possibility that PTU may in some way affect the patho¬ 
genicity of Achromobacter nematophilus. Lysenko (19&3) found that the 
pathogenic bacterium Pseudomonas aeruginosa, also isolated from N. car¬ 
pocapsae , produced a protein v/hich was toxic when injected into 
Galleria larvae. This toxin was thought to attack the phenoloxiaase 
system of the insects. When the protein was injected along with PTU it 
was no longer toxic. A phenomenon such as this may occur with A. nema¬ 
tophilus and PTU treated A. aegypti larvae, but as of yet there is no 
evidence of a toxin from A.. nematophilus. 
PTU may affect N. carpocapsae in some way to make them less dam¬ 
aging to mosquito larvae. The possibility that PTU causes slower pene¬ 
tration and movement of the nematodes was investigated and is not 
worthy of much consideration. As seen in Table 2, the survival of more 
PTU treated larvae was not due to having fewer nematodes in their hemo- 
coels than the untreated larvae. In almost every case there were more 
nematodes in the PTU treated larvae than in the untreated larvae. 
N. carpocapsae may kill mosquito larvae by releasing a toxin within 
the insects. Poinar and Thomas (1966) suggested that a toxin might be 
produced by _N. carpocapsae which is capable of killing Galleria larvae. 
However, there is actually no evidence for the existence of such a 
toxin. 
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The actual physical damage to mosquito larvae from having nema¬ 
todes in their hemocoels may be a major cause of mortality. This phys¬ 
ical damage is related to the movement of the nematodes within mosquito 
hemocoels. There was no difference between the migration of nematodes 
in the PTU treated and untreated larvae. Therefore, there probably was 
little difference between the two groups in the amount of damage to the 
larvae. 
PTU may somehow counteract the effects of injury to mosquito larvae 
and it is on this topic that some interesting relationships can be drawn 
between PTU and mortality. 
Biochemical reactions associated with melanin formation occur in 
certain pathophysiological disorders of insects, such as wound healing 
(Lai-Fook, 1966; Preston and Taylor, 1970; Nappi, 1974). Lai-Fook 
(1966) considered melanin formation to be one of the first phases in 
wound repair in insects. Sussman (19^+9) suggested that in Hyalophora 
cecropia, melanin formation after injury functioned to remove toxic 
substances (phenols) from the hemolymph. He thought that the toxic 
substances were liberated from injured tissues and could circulate in 
the hemolymph and poison the insects. Cottrell (1964) hypothesized 
that when insect tissues are damaged, tyrosinases and suitable sub¬ 
strates are released, and these materials may react to form melanin. 
Melanin intermediates (specifically quinones) were said to be incom¬ 
patible with life and capable of killing insect parasitoids (Taylor, 
1969). Thus, if quinones formed during melanin formation (linked with 
encapsulation and injury) were actually the toxic materials hypothe¬ 
sized by Sussman (19^9)» then an inhibition of phenoloxiaases by PTU 
12. 
would not allow these toxic substances to form. This might explain why 
a greater number of PTU treated mosquito larvae survived. Unfortu¬ 
nately, there is no data available on whether or not these quinones are 
found in the hemolymph of injured insects, or the amounts needed to 
cause death. 
Recent work by Zlotkin et al. (1973) demonstrated that pheno- 
loxidases from tenebrionid hemolymph were toxic and caused death when 
injected into Sarcophaga and Calliphora larvae. The actual cause of 
death was not known but shortly before death, which occurred from 1 to 
4 hr after the injections, the hemolymph of the injected animals melan- 
ized. It was also discovered that death could be prevented by the ad¬ 
dition of PTU to the injected hemolymph. These findings correlate with 
the findings of the present study using A. aegypti larvae. The pheno- 
loxidase system of the mosquito larvae is probably activated by the 
nematodes, bacteria, injury, and encapsulation occurring within the 
larvae. Some of these agents are known to activate the system in some 
closely related insects (Poinar and Leutenegger, 1971; Gotz and Vey, 
1974). It is possible that the activation of the phenoloxidase system 
may cause an accumulation of toxic substances which may be linked with 
the cause of the early death of the larvae. The decreased mortality 
observed in PTU treated larvae may be explained by PTU inhibiting the 
phenoloxidase system and melanin formation. This inhibition may serve 
to block the formation of toxic melanin intermediates, and thus, these 
mosquito larvae live longer than the untreated larvae. 
In certain instances the immune system of vertebrates is known to 
13 
be harmful to the host. If the phenoloxidase system can cause the 
death of mosquito larvae, it would be the first instance known in 
arthropod immunity where the immune system can be deleterious to the 
host 
14. 
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table 1 
Per Cent Mortality of PTU Treated and Untreated 5-Oay-Old Aedes 
aegypti Larvae Exposed to Various Concentrations of Neoaplec- 
£ 
tana carpocapsae for 1 Hour 
PTU Treated Untreated 
Hours 
After 
Exposure 
Nematodes per ml Nematodes per ml 
4000 2000 1000 4000 2000 ^r\r\r\ 1 
3 20.0 17.3 17.3 34.7 25-3 30.7 
6 32.0 29.3 32.0 49.3 44.0 44.0 
9 45.3 44.0 49.3 69.3 66.7 60.0 
aData combined from 3 experiments 
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TABLE 2 
Mean Nematodes Per Aedes aegypti Larva Exposed to Neoplectana 
carpocapsae for 1 Hour 
Hours 
After 
Exposure 
PTU Treated Untreated 
Nematodes per ml Nematodes per ml 
4000 2000 1000 4000 2000 1000 
3 11.60 11.23 10.46 7.96 9.26 6.09 
6 10.33 8.11 7.45 8.55 10.07 7.70 
9° 11.00 8.o8 6.29 6.47 7.29 5.08 
9° 5-30 4.54 3.95 5.00 5.64 4.27 
ct Data combined from 3 experiments 
^Dead larvae 
c 
Surviving larvae 
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TABLE 3 
Per Cent Encapsulation of Neoaplectana carpocapsae by PTU Treated and Untreated 
cl 5-Day-Old Aedes aegypti Larvae Exposed to Nematodes for 1 Hour 
PTU Treated Untreated 
Hours Nematodes per ml Nematodes per ml 
nltel " 
Exposure 4000 2000 1000 4000 2000 1000 
3 % Encapsulation 40.80 39.04 66.18 96.62 90.34 74.29 
% Complete Capsules 0 0 0 12.50 11.32 26.92 
6 % Encapsulation 89.25 76.71 93.90 100 100 100 
% Complete Capsules 24.10 12.50 27.27 59.57 58.16 63.64 
9 % Encapsulation 98.55 100 100 100 100 100 
% Complete Capsules 64.71 71.13 65.91 90.72 96.77 81.97 
9 % Encapsulation 100 100 100 100 100 100 
% Complete Capsules 97.64 94.64 92.47 99.13 98.53 100 
3. Data combined from 3 experiments 
^Dead larvae 
Q 
Surviving larvae 
22. 
LITERATURE REVIEW 
Nematodes were found parasitizing larvae of the codling moth 
(Laspeyresia pomonella) in Virginia, and placed in the genus Neoaplec- 
tana (Dutky and Hough, "1955)• Concurrently, Weiser (1955) described a 
new nematode species, Neoaplectana carpocapsae, which was found in 
codling moth larvae in Czechoslovakia. The nematode found in America 
remained unnamed for many years and was often referred to by its 
U.S.D.A. accession number, DD-I36 (Dutky at al., 1964). Over the 
years, a great deal of confusion developed over whether or not the two 
nematodes were indeed the same species, Neoaplectana carpocapsae 
Weiser, and they decided to call the nematode discovered by Dutky and 
Hough (1955) the DD-I36 strain (Niklas, 1967; Poinar, 1967; Poinar et 
al, 1972). 
N. carpocapsae is capable of parasitizing a wide variety of in¬ 
sects, some of which are listed by Poinar (1971)- Aedes aegypti lar¬ 
vae were found to be susceptible to experimental parasitization by N_. 
carpocapsae (Bronskill, 1962; Welch and Bronskill, 1962). The nema¬ 
todes are ingested by the mosquito larvae and enter the insect's 
hemocoel through the midgut wall (Welch and Bronskill, 1962). Shortly 
after entering the hemocoel, the nematodes release a pathogenic bacte¬ 
rium, which kills mosquito larvae (Welch and Bronskill, 1962). The 
bacterium in N_. carpocapsae was later isolated by Poinar and Thomas 
(1965) and named Achromobacter nematophilus. 
Aedes aegypti and some other species of mosquito larvae have been 
found to react to nematode parasitization by using a process known as 
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encapsulation (Bronskill, 1962; Welch and Bronskill, 1962; Poinar and 
Leutenegger, 1971). The subject of encapsulation and insect defense 
mechanisms has been extensively discussed in reviews by Salt (1963-» 
1970), and more recently by Whitcomb et al. (197*0. 
According to Salt (1970), encapsulation is carried out exclusively 
by hemocytes, and melanization linked with encapsulation follows the 
cellular reactions. Ir opposition to Salt (1970), are the findings of 
certain researchers who have described the processes of encapsulation 
and melanization in culicids, and who believe that these processes may 
be humoral and carried out without the direct association of the in¬ 
sect's hemocytes (Bronskill, 1962; Esslinger, 1962; Poinar and 
Leutenegger, 1971)• 
A precise description of the process of capsule formation around N. 
carposapsae in A. aegypti larvae was provided by Bronskill (1962). The 
formation of the capsules was described as a two step process. First, 
melanized sheaths, that did not appear to be directly derived from 
hemocytes, were formed. Then, hemocytes were added directly to the 
capsules in the form of particles of melanin. Since the hemocytes were 
not deposited in a recognizable cellular form, the finished capsules 
appeared to be acellular. 
The encapsulation of _N. carpocapsae by Culex pipiens larvae was de¬ 
scribed by Poinar and Leutenegger (1971). Using electron micrographs, 
they found that an initial homogeneous matrix without any definite 
structure or cellular organelles was precipitated directly from the 
hemolymph. This initial matrix appears to be similar to the melanized 
sheaths found in <A. aegypti by Bronskill (1962). However, unlike Bron- 
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skill (1962), Poinar and Leutenegger (197*1) were unable to find evi¬ 
dence of any cellular participation in the remainder of the encapsula¬ 
tion process by C_. pipiens larvae, and called the process humoral en¬ 
capsulation. 
In many insects, encapsulation is associated with the production 
of a dark pigment, which has often been called melanin (Salt, 1963; 
Stoffolano and Streams, 1971)- Evidence has gradually accumulated 
showing that this dark pigment in various insect capsules is indeed 
melanin in the chemical sense (Salt, 1956; Poinar et al., 1968; Gotz, 
1969; Poinar and Leutenegger, 197*1; Nappi, 1973; Babu and Hall, 1974; 
Gotz and Vey, 1974). Poinar and Leutenegger (1971) performed a set of 
chemical tests on the humoral capsules of Culex pipiens larvae and 
found that the results agreed with the diagnostic tests for melanin 
given by Fox (1953). Therefore, the authors assumed that the pigment 
in the capsule of C_. pipiens larvae was melanin. 
The enzymes responsible for the formation of melanin in insects 
are called tyrosinases, phenoloxidases, or polyphenoloxidases (Dennell, 
1949; Chadwick, 1966; Preston and Taylor, 1970; Pye and Yendol, 1972). 
They may be present in the hemolymph of some insects (Zlotkin et al., 
1973)» or localized in the hemocytes of others (Rizki and Rizki, 
1959; Rye and Yendol, 1972). They contain copper (Lerner and Fitz¬ 
patrick, 1950) and at least some are known to occur as proenzymes 
which are activated to initiate melanin production (Dennell, 1949; 
Ohnishi, 1959; Evans, 1967; Ashida and Ohnishi, 1967). 
The enzymes involved in melanin formation can be inactivated by 
chemicals, such as phenylthiourea (PTU), which chelates copper, and 
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thus melanin formation is inhibited or blocked (Lerner and Fitzpatrick, 
1950). Certain researchers have used PTU to block melanin formation in 
the encapsulation process of insects (Salt, 1956; Nappi, 1975). Salt 
(1956) injected crystals of PTU into the stick insect, Carausius, whicn 
prevented melanin formation in capsules, and Nappi (1973) blocked mel- 
anization and capsule formation in Drosophila larvae by adding PTU to 
the rearing medium. 
The effects of PTU on humoral capsules, which have only been found 
to occur in culicids and a few other insects (Welch and Bronskill, 
1962; Gotz, 1969; Poinar and Leutenegger, 1971)i has not been deter¬ 
mined. However, Gotz and Vey (197*0 injected glutathione, also an in¬ 
hibitor of phenoloxidases (Lerner and Fitzpatrick, 1950; Brewer and 
Vinson, 197*1) 9 into Chironomus larvae to inhibit melanin formation in 
humoral capsules. Gotz and Vey (197*+) also discovered that the encap¬ 
sulation process was completely inhibited and they considered encapsu¬ 
lation and melanin formation to be the same process in this Chironomus 
defense mechanism. 
The functions and importance of melanin formation in insect de¬ 
fense mechanisms are not fully known (Salt, 1970; Nappi, 197*0. The 
effects of melanization and melanin intermediates as humoral bacteri¬ 
cides are discussed by Whitcomb e_fc al. (197*0. Many authors have found 
that melanization jinked with cellular (Miller, 19*1-3; Schell, 1952; 
Muldrew, 1953; Salt, 1955, 1956, 1957; Misko, 1972) and humoral (Welch 
and Bronskill, 1962; Gotz, 1969; Poinar and Leutenegger, 1971; Gotz and 
Vey, 197*0 encapsulation may aid in the defense against, and may even 
kill certain metazoan parasites. Sussman (l9*+9) suggested that melanin 
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formation in response to injury in Hyalophora cecropia, was a mechan¬ 
ism for the removal of toxic substances, such as phenols, which arise 
from the injury to various tissues. He suggested that the deposition 
of these substances as insoluble melanins served to remove them from 
the hemolymph and thus prevent the poisoning of the insect. This view 
was supported by Taylor (1969)1 who suggested that the quinones evolved 
during melanin production are oxidizing agents which are too strong to 
be compatible with life. Zlotkin et al. (1973) demonstrated that mel- 
anization may in some way be poisonous to insects. They found that 
activated phenoloxidases from the hemolymph of tenebrionid beetles was 
toxic, and resulted in death, when injected into other insects. 
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ADDITIONAL MATERIALS AND METHODS 
Effects of PTU on Aedes aegypti Larvae 
These experiments are described in the Materials and Methods sec¬ 
tion of the paper for publication. Three different types of experi¬ 
ments were conducted. The first consisted of treating larvae in PTU 
solutions from the time of hatch and recording mortality and dry 
weights on the 5th day. In the 2nd type, 4th instar larvae were 
placed in PTU solutions on the 4th day and mortality and dry weights 
were recorded on the 5th day. The 3rd type of experiment was con¬ 
ducted to measure the oxygen consumption of both PTU treated and un¬ 
treated larvae. 
Effects of PTU on Aedes aegypti Larvae Parasitized by Neoaplectana 
carpocapsae 
These experiments are thoroughly described in the Materials and 
Methods section of the paper for publication. The experiments were 
conducted using PTU treated and untreated 5-day-old Aedes aegypti lar¬ 
vae which were exposed to Neoaplectana carpocapsae for 1 hr or 9 hr. 
Effects of PTU on the Distribution of Neoaplectana carpocapsae in 
Aedes aegypti Larvae 
This set of 3 identical experiments was described in the Materials 
and Methods section of the paper for publication. In these experi¬ 
ments the location of nematodes within PTU treated and untreated Aedes 
aegypti larvae was noted and recorded. 
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Effects of Antibiotic Solutions on PTU Treated and Untreated Aedes 
aegypti Larvae Parasitized by Neoaplectana carpocapsae 
The basic apparatus and techniques for this experiment are the 
same as described in other experiments using mosquito larvae and nema¬ 
todes with some exceptions. The nematode concentration used in all 
treatments was 3000 nematodes per ml. Both PTU treated and untreated 
larvae were reared in various penicillin-streptomycin solutions after 
the 4th day. The antibiotic concentrations were 0, 100, 200, and 300 
units per ml for penicillin and 0, 100, 200, and 300 meg per ml for 
streptomycin. The mosquito larvae were exposed to nematodes for 9 hr. 
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ADDITIONAL RESULTS AND DISCUSSION 
Effects of PTU on Aedes aegypti Larvae 
The results of experiments where mosquito larvae were reared in 
PTU solutions from the time of hatching are shown in Tables 4 and-5. 
These data show that most of the larvae reared in PTU concentrations 
above 0.01# died before the 5th day. The larvae reared at 0.01# PTU 
(Table 5) did not grow to the 4th instar in 5 days. About 50# of these 
larvae were 3rd instar and the other 50# were 1st and 2nd instar. A 
large difference in dry weight can be seen between the larvae reared 
at 0.01# PTU and the control larvae (Table 5). 
The results of experiments conducted with 4th instar larvae 
reared in various PTU solutions are shown in Tables 6 and 7. These 
data indicate that larvae reared in the PTU concentrations above 0.01# 
show differences from the control larvae in mortality and dry weight. 
The respiration experiments shown in Table 8, demonstrated that 
4th instar larvae reared in 0.01# PTU solution had a lower oxygen con¬ 
sumption than the untreated larvae. Except for the data seen in the 
top line of Table 8, the oxygen consumption of the untreated larvae 
corresponded with the results obtained for normal larvae by Barbosa 
(1971). However, nearly all the readings on the PTU treated larvae 
fell below the levels of oxygen consumption for normal larvae in both 
the present experiments and the work by Barbosa (1971). 
Bodine and Fitzpatrick (1949) found that phenylthiourea solutions 
in excess of 0.25mM depressed oxygen consumption in embryos of 
Melanoplus differentialis. In the present study the 0.01% PTU solution 
TABLE 4 
Cumulative Mortality of 
Aedes aegyptf Larvae 
Reared in Various 
Concentrations 
of PTU from 
Time of 
Hatch3 
% 
PTU 
Mortality 
Day 2 Day 3 Day 4 
0.2 80 
0.1 80 
0.05 6 43 80 
o.oob 2 2 2 
aData combined from 2 ex¬ 
periments with 40 larvae 
per PTU cone, per exper¬ 
iment 
^Control group 
TABLE 5 
Recovery and Dry Weights of 5-Day-Old Aedes aegypti 
Larvae Reared in Various Concentrations of PTU 
From Time of Hatch 
% PTUa Recovery Dry Wt. (mg)C Wt./Larvae (mg) 
0.05 0 
0.04 0 
0.03 0 
0.02 7 
0.01 34 0.6 0.0176 
o.oob 36 12.5 0.3472 
cL 
40 larvae per PTU concentration 
^Control 
0 
Of number recovered 
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TABLE 6 
Recovery and Dry Weights of 5-Day-Old Aedes aegypti Larvae 
gj 
Reared in Various Concentrations of PTU after the 4th Day 
% PTU Recovery Dry Wt. (mg)C Wt./Larvae (mg)^ 
0.05 90 26.0 0.289 
0.04 95 29.9 0.315 
0.03 101 42.6 0.422 
0.02 101 42.9 0.425 
0.01 114 53.2 0.467 
o.oob 112 52.1 0.465 
^ata combined from 3 experiments with 40 larvae per 
PTU cone, per experiment 
^Control 
Means of total number recovered per PTU cone, per ex¬ 
periment 
Cleans of number recovered per PTU cone, per experi¬ 
ment 
TABLE 7 
Recovery and Dry Weight per Larva of 5-Day-Old Aedes 
aegypti Larvae Reared in Various Concentrations of 
PTU After the 4th Day 
Source df S.S. M.S. F value 
Recovery 
PTU Treatments 5 146.2776 29.25555 5.1729: 
Repetitions 2 40.1112 20.0556 3.5462 
Error 10 56-5556 5-6555 
Weights 
PTU Treatments 5 0.08549 0.01710 8.8l44: 
Repetitions 2 0.42057 2.10185 1083.4278: 
Error 10 0.01942 0.00194 
*P<0.05 
**P<0.01 
TABLE 8 
Oxygen Consumption of PTU Treated and Untreated 
5-Day-Old Aedes aegypti Larvae 
0.01 % PTU Untreated 
5.532 8.579 10.857 15.176 11.205 
6.275 4.896 6.901 7.506 7.772 
6.890 6.725 6.714 8.159 9.457 
7.207 6.828 6.327 7.837 7.488 
ain mcl/mg/hr 
Results of 4 experiments using 5 reaction 
vessels with 20 larvae per vessel 
is close to 0.65mM and therefore a decrease in oxygen consumption would 
be expected. 
Effects of PTU on Aedes aegypti Larvae Parasitized by Neoaplectana 
carpocapsae 
The results of the experiments using PTU treated and untreated 
larvae exposed to nematodes for 1 hr were thoroughly discussed in the 
paper for publication. Tables 9* 'lO, and 11 show the analysis of var¬ 
iance for the data obtained. 
The results of experiments using PTU treated and untreated larvae 
exposed to nematodes for 9 hr are shown in Tables 12-17- These results 
are very similar to the results obtained for the 1 hr exposure experi¬ 
ments. One difference between the 1 hr exposure and 9 hr exposure ex¬ 
periments is seen in Table 16 in the 9 hr surviving larvae group. The 
number of nematodes per larvae in the PTU treated larvae is always 
higher than the untreated larvae, whereas in the 1 hr exposure the num¬ 
ber of nematodes per larva is more variable (Table 2). 
Effects of PTU on the Distribution of Neoaplectana carpocapsae in Aedes 
aegypti Larvae 
The results of these experiments are shown in Table 18 and were 
already discussed in the paper for publication. 
Effects of Antibiotic Solutions on PTU Treated and Untreated Aedes 
aegypti Larvae Parasitized by Neoaplectana carpocapsae 
In an attempt to assess the effect of PTU on Achromobacter 
nematophilus an experiment was conducted using antibiotics to suppress 
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TABLE 9 
Per Cent Mortality of PTU Treated and Untreated 5-Pay-Old 
Aedes aegypti Larvae Exposed to Various Concentrations 
of Neoaplectana carpocapsae for 1 Hour 
Source df S.S. M.S. F value 
PTU Treatments (T) 1 32.6667 32.6667 11.7599** 
Nematode Cone. (N) 2 0.4444 0.2222 0.0800 
Time (t) 2 53.3333 29.1665 10.4998** 
Repetitions(R) 2 65.7778 32.8889 11.8399** 
TN 2 3.1111 1.5555 0.5600 
Tt 2 14.3333 7.1665 2.5799 
nrm ±n 2 3.1112 1.5556 0.5600 
Nt 4 8.8890 2.2222 0.8000 
NR 4 11.4446 2.8612 1.0300 
tR 4 107-5557 26.8889 9.6799** 
TNt 4 6.2222 1.5556 0.5600 
TNR 4 3.4444 0.8611 0.3010 
TtR 4 8.8888 2.2222 0.8000 
NtR 8 9-5553 1.1944 0.4300 
TNtR (Error) 8 22.2224 2.7778 4.5898 
*P<0.05 
**P<0.01 
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TABLE 10 
Mean Nematodes Per Aedes aeg;ypti Larva Exposed to Neoaplectana 
carpocapsae for 1 Hour 
Source df s.s. M.S. F value 
PTU Treatments (T) 1 9.3251 9.3251 20.3272** 
Nematode Cone. (N) 2 16.4063 8.2032 17.8815** 
Hours (H) 3 75.3531 25.1177 54.7525** 
TN 2 6.9565 3.4782 7.5820* 
TH 3 14.6217 4.8739 10.6243** 
NH 6 2.7328 0.4555 0.9928 
TNH (Error) 6 2.7525 0.4588 
*P<0.05 
♦♦P^O.OI 
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TABLE 11 
Per Cent Encapsulation of Neoaplectana carpocapsae by PTU 
Treated and Untreated 5-Day-Old Aedes aegypti Larvae Ex¬ 
posed to Nematodes for 1 Hour 
Source df s.s. M.S. F value 
% Encapsulation 
PTU Treatments (T) 1 1027.3033 1027.3033 12.3767** 
Nematode Cone. (N) 2 51.8969 25.9484 0.3123 
Hours (H) 3 4168.1479 1389.3826 16.7227** 
TN 2 275.1418 137.5709 1.6558 
TH 3 1454.6792 484.8931 5.8362* 
NH 6 60.8943 10.1490 0.1222 
TNH (Error) 6 498.5026 83.0838 
°/o Complete CapsuL es 
PTU Treatments (T) 1 2581.9227 2581.9227 111.8o4o** 
Nematode Cone. (N) 2 14.6763 7.3381 0.3178 
Hours (H) 3 28,103.6739 9367.8913 405.6541** 
TN 2 10.5712 5.2856 0.2289 
TH 3 939.5802 313.193^ 13.5621** 
NH 6 272.7564 45.4594 1.9685 
TNH (Error) 6 138.5600 23.0933 
*P<0.05 
**P<0.01 
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TABLE 12 
Per Cent Mortality of PTU Treated and Untreated 5-Pay-Old. Aedes 
aegypti Larvae Exposed to Various Concentrations of Neoaplec- 
cl 
tana carpocapsae for 9 Hours 
PTU Treated Untreated 
Hours Nematodes per ml Nematodes per ml 
After - 
Exposure 4000 2000 1000 4000 2000 1000 
3 20.0 16.0 13.3 46.7 30.7 30.7 
6 33.3 33.3 32.0 65.3 53.3 62.7 
9 43.0 56.0 49.3 72.0 61.3 72.0 
cl — 
Data combined from 3 experiments 
TABLE 13 
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Per Cent Mortality of PTU Treated and Untreated 5-Day-Old 
Aedes aegypti Larvae Exposed to Various Concentrations 
of Neoaplectana carpocapsae for 9 Hours 
Source df S.3. M.S. F value 
PTU Treatments (T) 1 25.3518 25.3518 4.7494 
Nematode Cone. (N) 2 0.1111 0.0555 0.0104 
Time (t) 2 104.1111 52.0555 9.7521 
Repetitions (R) 2 49-0000 24.5000 4.55^* 
TN 2 6.0371 3.0186 0.5655 
Tt 2 134.9259 67.4630 12.6385** 
TR 2 2.7037 1.3518 0.2532 
Nt 4 49.4444 12.3611 2.3157 
NR 4 7.5555 1.8889 0.3539 
tR 4 27.5555 6.8889 1.2906 
TNt 4 7.5186 1.8796 0.3521 
TNR 4 3.4074 0.8518 0.1595 
TtR 4 23.8520 5.9630 1.1171 
NtR 8 24.5557 3.0695 0.5750 
TNtR (Error) 8 42.7035 5.3379 
*P<0.05 
**P<0.01 
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TABLE 14 
Per Cent Encapsulation of Neoaplectana carpocapsae by PTU Treated and Untreated 
5-Day-Old Aedes aegypti Larvae Exposed to Nematodes for 9 Hours 
PTU Treated Untreated 
Hours Nematodes per ml Nematodes per ml 
After - 
Exposure 4000 2000 1000 4000 2000 1000 
3 % Encapsulation 30.58 44.44 31.91 74.64 77.64 80.65 
% Complete Capsules 0 4.17 6.67 35.44 44.00 29.60 
6 % Encapsulation 62.20 73.81 73.68 99.03 99.24 97.55 
% Complete Capsules 39.22 29.03 41.84 61.76 64.89 71.70 
Id 
9 % Encapsulation 91.00 82.47 85.60 100 100 100 
% Complete Capsules 59-00 59.06 66.36 88.88 93.75 71.43 
c 
9 % Encapsulation 91.71 94.15 93.06 100 100 100 
% Complete Capsules 73.94 78.53 87.58 98.81 98.25 98.75 
^ata combined from 3 experiments 
^Dead larvae 
c 
Surviving larvae 
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TABLE 15 
Per Cent Encapsulation of Neoaplectana carpocapsae by PTU 
Treated and Untreated 5-Day-Old Aedes aegypti Larvae Ex¬ 
posed to Nematodes for 9 Hours 
Source df S.3. M.S. F value 
% Encapsulation 
PTU Treatments (T) 1 3131.3642 3131.3642 161.7607* ** 
Nematode Cone. (N) 2 32.2259 16.1130 0.8324 
Hours (H) 3 5887.2648 1962.4216 101.3752** 
TN 2 17.5802 8.7901 0.4541 
TH 3 1104.3038 368.1013 19.0155** 
NH 6 99.8528 16.6421 0.8597 
TNH (Error) 6 116.1483 19.3580 
% Complete Capsules 
PTU Treatments (T) 1 4052.3608 4052.3608 139.4054** 
Nematode Cone. (N) 2 21.0014 10.5007 0.3612 
Hours (H) 3 16,175.5549 5391.8516 185.4852** 
TN 2 247.5397 123.7698 4.2578 
TH 3 179.6350 59.8783 2.0599 
NH 6 235.7430 39.2905 1.3516 
TNH (Error) 6 174.4134 29.0689 
*P<0.05 
**P<0.01 
43. 
TABLE 16 
Mean Nematodes Per Aedes aegypti Larva Exposed to Neoaplectana 
carpocapsae for 9 Hours 
Hours 
After 
Exposure 
PTU Treated Untreated 
Nematodes per ml Nematodes per ml 
40000 2000 1000 4000 2000 1000 
3 8.07 9.00 9.40 7.89 7.00 6.74 
6 8.20 9-69 9.50 7.36 7.76 6.79 
9b 9.09 9.06 9.62 7.20 5.33 5.60 
9° 5.26 5.70 ^•55 4.00 3-93 3.48 
aData combined from 3 experiments 
"^Dead larvae 
Q 
Surviving larvae 
TABLE 17 
Mean Nematodes Per Aedes aegypti Larva Exposed to Neoaplectana 
carpocapsae for 9 Hours 
Source df s.s. M.S. F Value 
PTU Treatments (T) 1 24.1201 24.1201 125.6473** 
Nematode Cone. (N) 2 0.2206 0.1103 0.5746 
Hours (H) 3 55.3140 18.4380 96.0479** 
TN 2 2.8456 1.4228 7.4117* 
TH 3 3.0792 1.0264 5.3468** 
NH 6 2.3057 0.3843 2.0018 
TNG (Error) 6 1.1518 0.1920 
*P<0.05 
**P<0.01 
TABLE 18 
Per Cent Distribution of Neoaplectana carpocapsae in Aedes 
Si 
aegypti Larvae Exposed to the Nematodes for 9 Hours 
PTU Treated Untreated 
Head Thorax Abdomen Head Thorax Abdomen 
Dead 7.02 72.63 20.35 7.29 77-84 14.87 
Alive 11.19 75.52 13.29 8.97 76.68 14.35 
cl Data combined from 3 experiments 
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TABLE 19 
Mortality and Nematodes per Larva of Aedes aegypti Larvae Reared 
in Various Penicillin-Streptomycin Solutions 
PTU Treated Untreated 
Units per ml Antibiotic Units per ml Antibiotic 
0 100 200 300 0 100 200 300 
Mortality 8 7 8 10 13 12 11 7 
Nemas per Larvaa 9.12 5.57 6.25 4.20 6.23 4.92 4.73 4.43 
Nemas per Larva"'3 3.41 3.72 3-35 3.40 3.42 3.00 2.71 1.72 
^ead larvae 
Surviving larvae 
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growth of the bacterium. The results of this experiment are presented 
in Table 19. It can be seen that when 4th instar A. aegypti larvae were 
reared in various penicillin-streptomycin solutions and then exposed to 
nematodes, the mortality of PTU treated larvae was still lower than the 
mortality of larvae reared without PTU present. The effects of these 
antibiotics on mosquito larvae, the nematodes, and the effective dos¬ 
ages against A. nematophilus are not known. Therefore, it is difficult 
to draw any conclusions about this experiment. 
48. 
REPORT ON THE CULTIVATION OF AXENIC. NEOAPLECTANA CARPOCAPSAE 
Attempts were made to cultivate N. carpocapsae a.xenically on 3 
different media. The axenic nematodes were to be used to determine if 
the early death of Aedes aegypti larvae occurred as a result of the 
presence of the pathogenic bacterium, Achromobacter nematophilus. The 
nematodes grew in all of the media, but there were never enough infec¬ 
tive stage juveniles collected to conduct an experiment similar to the 
ones in the paper for publication. More information on the media and 
results are presented below. 
In Sept, of 1973 an axenic culture of N. carpocapsae was obtained 
from Dr. E. Yarwood, of the Clinical Pharmacology Research Institute 
in Berkeley, California. The nematodes were grown in a liquid medium 
suggested to me by Dr. M. Zuckerman of the Cranberry Experiment Station, 
Wareham, Mass. The medium consisted of 4g soy peptone, 3g yeast ex¬ 
tract, 90 ml water and 10 ml of a heated calf liver extract prepared 
according to the method of Sayre _et_ al. (1983)- All ingredients but 
the heated liver extract were prepared and autoclaved in the Dept, of 
Entomology, Univ. of Mass. The heated liver extract was prepared in 
conjunction with the Dept, of Microbiology, Univ. of Mass, and added to 
the medium by filtration because it was non-autoclavable. The nema¬ 
todes were reared in 10 ml of medium in 1 1 brown bottles. Growth of 
the nematodes appeared to be slow and after two months thousands of 
nematodes were present in the medium. Unfortunately, only about 50% of 
these were infective stage juveniles. These nematodes were used as 
inoculum for more cultures which became contaminated and the nematodes 
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died. 
In March of 1974, another culture of axenic nematodes was obtained 
from Dr. E. C. Platzer of the Dept, of Nematology, Univ. of California, 
Riverside, Calif. These nematodes were cultivated on the glucose- 
peptone slants with pork kidney, described by Dutky et al. (1964). The 
nematodes grew very poorly and in transferring them to fresh medium, all 
cultures were lost due to contamination. 
After writing back to Dr. Platzer, I was notified in August, 
1974, that axenic cultures of N. carpocapsae were no longer available. 
In the meantime N. carpocapsae v/ere taken from Galleria and glucose- 
peptone slants and sterilized by the technique of Poinar and Thomas 
(1966). The nematodes were then placed on the axenic kidney-liver med¬ 
ium described by Poinar and Thomas (1966). This medium was the easiest 
of the 3 to prepare and use. The nematodes grew well but very slowly 
and axenic cultures were in existence for 4 months. During this period 
there never were enough infective stage juveniles to conduct the planned 
experiments. 
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